A study on the periodicity of xylcin growth in rubbcrwood tree at a plantation at University I'utra Malaysia, Serdang, Malaysia, was conducted using a dcndromcter and, pinning and knife-cutting methods. From the dcndrometer readings, actual radial growth showed no substantial increase during the first six months of the study period. Growth started in the seventh month (July) and continued until the end of the year, after which the tree once again entered a resting period; possibly due to wintering effects ut the beginning and end of the year. These results were also supported by pinning and knife-cutting experiments where the sears from the first (January) to the fifth month (May) occurred on previous distinct rings. It can be concluded that the rubbcrwood studied here showed continuous growth over a year period with a resting stage at the beginning and the end of the growth cycle. This suggests that rub her wood trees produce one growth ring year. The present study showed that pinning or knife-cutting methods coupled with denclromcter measurements are suitable for elucidating the correlation between growth rings and periodicity of xylem growth.
Introduction
Rubberwood (Hevea brasiliensis Muel.-Arg.) is one of the most important species of tree to wood-based industries in Malaysia. However, little is known about the growth rate and periodicity of xylem growth of this species. The primary problem in ring analysis of tropical trees is the frequent lack of well defined cyclical growth rings. It is known that many tropical tree species do not form distinct rings and in many cases where rings are formed they are not annual in nature (Jacoby 1989) . Absence of seusonality which induces dormancy and associated anatomical change is the main reason for this problem. In the tropics, temperatures are relatively uniform throughout the year. The daily temperature fluctuations often exceed the annual fluctuations. There is no annual cold season to induce dormancy in the trees. Without a dormant season the tendency to produce an anatomical cycle in cell structure is greatly reduced (Critchfield 1983) .
The measuring of growth rhythms has been reviewed by Worbes (1995) . According to him, basically two types of methods, non-destructive and destructive, are available. Dendrometer bands are commonly used for the former, while wounding of the xylem is involved in the latter. The marking of growth layers by scarring (cutting windows, pinning) or dye injection permit precise determination of seasonal changes in radial growth (Fuhn ct ai 1981) . Marking of xylom growth is very effective in analyzing annual ring formation. A variety of methods have been developed for marking xylem growth, including pinning (Wolter 1968) , electric stimulation (Imagawa 1985) , repeated inclination of stem (Kennedy and Farrar 1965) and knife-cutting (Fujiwara 1992) . Among these methods, pinning and knife-cutting are simple and easy, leave accurate markings and arc adaptable to a wide range of trees, small or large in diameter (Shimaji and Nagatsuka 1971; Yoshimura et eil. 1981; Jalil ei eil. 1994 and Ogata et al. 1996) .
To elucidate basic information on the periodicity of xylem growth in tropical trees that do not form distinct growth rings, it is necessary to establish whether the growth ring is formed annually or not, as well as the kind of tissues formed in a particular season.
Therefore, determining the growth, purticulury radial growth rale of rubberwoocl trees has consequences for forestry both in terms of harvest and plantation planning, as well as the maintenance of forest plantations.
The objective of this study is to determine the periodicity of xylem growth of rubberwood trees by: i measuring diameter growth using u dendromcter. ii determining the extent of xylem growth using pinning and knife-cutting techniques.
Muterlfils and Methods

Selection of a sample tree
The rubberwood trees from the plantation at University I'uira Malaysia (U.P.M,), Sordang, Malaysia were used. Six healthy trees which possess u round and straight bole were selected at random. The trees, J5-30cm in diameter, were marked hy rounding the bole with a white plastic tape at breast height (DBM). were used for pinning, knife-cutting and dendrometer growth measurement, however, only one was felled to obtain experimental data for this study.
Pinning and knife-cutting
Pinning and knife-cutting were done once a month at DBH level, vertically above and below the white tape around the bole (Fig. 1) . The distance between individual pinning or cutting marks in the horizontal direction was about 1-2 cm. However for pinning, the distance between individual markings in the vertical direction was about 1 or 2mm. Thus, many pinnings were done along the vertical length of ca. 2 cm. The pinning and knife-cutting were done from late January 1993 to late January 1994. Pin and knife were driven slowly until the xylem and cambium boundary were reached, and taken out once the cambium was injured. After pinning or knife-cutting, a piece of white plastic tape recording the experimental date was fixed with another pin.
Diameter growth measurement
The diameter growth of all the trees was measured using an aluminium band with a vernier scale and spring, that is, a dendrometer. Dendrometer readings were recorded once every two weeks from late January, 1993 to late January, 1994. The aluminium band was fixed around the bole at about DBH level (Fig. 1) . The growth forces the spring to expand and the amount of growth is indicated by the vernier scale.
Climatic data
Records of rainfall and temperature were collected from the U.P.M. meteorological station (Fig. 2) .
Tree felling
One year after the pinning and knife-cutting on February 1st, 1994, one of the trees was selected and felled. Two discs ca. 4.0cm in thickness were removed from the levels of pinning and knife-cutting in the bole and fixed with 10% formalin immediately to prevent decay.
Microscopy
Two disks containing the pinned and knife-cut parts were cut into small wood blocks of about l-2cm cubed. Bach disc contained at least 12 pinned or knife-cut marks. This means that 24 small wood blocks were obtained from the two discs for sectioning. The first pin mark or knife-cut represented the first month (January) of the experiments, the second pin mark or knife-cut the second month, and so on for the twelve months of the study. Each small wood block was fixed with 10f%> formalin. Thin sections, 30mm in thickness, were cut with a sliding microtome using disposable blades. After transverse sections were prepared, they were double stained with safranin (1 % safranin in 50% ethanol) and fast green (0.5 % fast green in 95 % ethanol). The sections mounted by Biolite on slide glasses were observed under a light microscope.
The measuring of radial growth
It is very difficult to count the number of cells formed radially on transverse sections due to the wound caused by pin insertion or knife-cutting. In rubberwood, the growth ring can be used as a standard line to measure the actual radial growth increment in the thin section. Therefore, the actual radial growth was determined by measuring the length or distance from the wounded areas (or scars) to the end of the distinct ring. The radial growth of the trees is not even in the transverse plane of the tree trunks. In order to avoid such uneveness, the radial growth was expressed with the actual radial growth divided by total radial growth obtained for the one year study period. The radial growth was measured from January, 1993 to January, 1994.
Results
Climatic data
As shown in Figure 2 , mean temperature varies little throughout the year, with no major differences in monthly mean temperature recorded from January 1993 to February 1994. In the tropics, temperatures are relatively uniform year-round (Fahn et al 1981; Jacoby 1989; Worbes 1989) . Monthly records of mean rainfall at the site from January 1993 to February 1994 are shown in Figure 2 . The highest mean rainfall was in May (13.8mm) and the lowest was in August (l.lmm).
Diameter growth
Diameter growth of rubberwood is shown in Figure ? . The rubberwood showed continuous growth throughout the year based on the dendrometer readings. Commercial rubber- wood trees, studied in detail by Halle and Martin (1968) , show rhythmic growth as described by Tomlinson and Longman (1981) . This rhythmic growth is due to 4 flushes per year. From July, the diameter growth was higher compared to the earlier months. The diameter growth increases, then starts to decrease at the end of the year, as shown by the dendrometer readings in Figure 3 . In this five-month period, the diameter growth is about 1.0mm as opposed to about 11.10mm over a one-year period. The dendrometer readings, for the first six months, gave diameter growth of only about 9 %, taking total diameter growth for one year as 100%. In the seventh month, however, growth increased rapidly, to 21.6% and then reached 58.5 % over the next two months. About 90.9 % of diameter growth had occurred by the eleventh month. The mean increment of actual diameter growth reached eleven mm. In these rubberwood trees, the leaves are lost over a relatively short period once a year and then the tree stands bare for an extended period during which both buds and cambium appear to be dormant: bud dormancy usually precedes cambial dormancy as mentioned by Tomlinson and Longman (1981) . In general, in the absence of leaves until June, the cambium appeared dormant and did not start to grow again until new leaves appeared starting from July. This phenomena could be considered a wintering effect.
Radial growth of rubbenvood as recorded in the thin sections
The radial growth of rubberwood was investigated in the thin sections obtained after pinning and knife-cutting. Both methods left distinct scars, although the size of the scars after pinning was smaller that that formed by knife-cutting. Basically, the results for both methods differed little. This is the first report on knife-cutting of tropical trees. Cross sections of the first to the twelfth knife-cut are shown in Figure 4 . Small vessels arranged in a tangential line formed beside the center of the scars after both pinning and knife cutting (small arrows in Fig. 4 ). Actual radial growth was measured as the distance or length between the scars and the growth ring (standard line) that usually developed below the scars or the wounded areas (short double arrows in Fig. 4) . The growth ring as a standard line is shown in Figure 4 by large arrows. The standard line was formed before the pinning or knife cutting was done.
As can be seen in the figure, the radial growth of the rubberwood differs from site to site in the transverse sections of a tree trunk. To minimize site effects, the radial growth was expressed as the actual radial growth divided by the total radial growth (long double arrows) within one year up until February, 1994. The ratio of actual radial growth versus total radial growth was plotted from January 1993 to January 1994, as shown in Figure 5 . The total radial growth for one year is taken as 100%. No actual radial growth occurred for the first five months of the study period: growth began in the sixth month (June) and continued until November. About 32 % of total radial growth had occurred by the seventh month, and this had reached 50 % by the eighth month (August). About 96 % of that years growth had occurred by the eleventh month. Thus, the rubberwood showed rapid growth over the last six months of the one year study period. The actual radial growth values indicate rubberwood undergoes seasonal growth. As mentioned earlier, the cambium appeared dormant during the wintering, from around the first to the sixth month, and then started to grow when the new leaf flush occurred, from the seventh month onward.
Discussions
The objectives of this study were 1) to determine the extent of xylem growth of rubberwood trees (Hevea brasiliensis), through cambium wounding by pinning and knife-cutting, 2) to measure the diameter growth increments using dendrometer bands and 3) attempt to correlate local climatic changes and tree ring formation. The data obtained provide basic information on the periodicity of xylem growth of this species.
Relationship bet\veen dendrometer reading and radial growth
Rubberwood showed a continuous growth over the oneyear study period. Growth was very slow in the first six months, but picked up markedly in the second half of the year. However, no actual radial growth occurred during the first sixth months of the study period. The tree started to grow in July, and continued to do so until the end of the year. This suggests that rubberwood shows seasonal growth, and is supported by the results of pinning and knife-cutting experiments. Both pin and knife scars from the first (January) to the sixth month (June) appeared on the same distinct rings; except in June, when for knife cutting, a small amount of radial growth can be seen (Fig. 4) . This means that no growth occurred during the first sixth-month period. During this period, the rubberwood trees had lost their leaves due to the wintering effect and the cambium appeared dormant. Actual growth started in the seventh month (July), with the scars in the thin sections located above the former distinct rings (indicated by arrowheads in Fig. 4) . The cambium started to grow in July when the tree started to produce new leaves. In general, it can be said that these phenomena represent a wintering effect which occurs at the beginning of the year. Halle and Martin (1968) for each month. The radial growth ratio in each month is expressed with actual radial growth (short double arrows in Fig. 4-7) divided by total radial growth (long double arrows in Fig. 4-7) .
and Longman (1981) noted that in deciduous trees, the leaves were shed over a relatively short period and the tree stands bare for a long period during which both buds and cambium appear to be dormant. In this case, bud dormancy precedes cambial dormancy. For semi-deciduous trees, the leaves fall synchronously from the crown, and immediately, a flush of new growth occurs so that the leafy condition is restored with only a brief intervening period when the tree stands bare. In Tectona grandis, there is only one period of xylem production and this corresponds with the presence of one flush of cambial activity and the sprouting of new vegetative buds and foliage formation. Periodicity in the production of different components of xylem tissues as well as differences in the dimensions of different xylem elements produced during each flush of cambial activity resulted in detectable growth ring boundaries (Venugopal and Krishnamurthy 1987) . The present study shows that rubberwood has characteristics similar to Tectona grandis. Measurements of actual radial growth revealed xylem growth to be very active from July, and to have maximized in December (the twelve month), after which if all but stopped.
As mentioned earlier, in July the xylem started to grow, as shown by the dendrometer readings (Fig. 5) and the results of the measurements of actual radial growth in the pinning and knife-cutting sections: though in June some radial growth was detected for knife-cutting. The radial increments obtained with the dendrometer and by knifecutting show a similar tendency. It makes sense that Hevea brasiliensis has only one period of xylem production a year. Venugopal and Krishnamurty (1987) reported that in three of the four deciduous trees Albizzia lebbeck, Dalbergia sissoOj Tectona grandis and Terminalia crenulata, there were two periods of xylem production corresponding with the presence of two flushes of cambial activity and sprouting of new vegetative buds and foliage formation. They also stated that in Tectona grandis and in all the three evergreen species studied (Calophyllum inophyllum, Mangifera indica, Morinda tinctoria) there was only one period of xylem production. In view of these findings, it is recommended that xylem growth be analyzed for at least two successive years.
The actual radial growth measurement did not differ significantly between pinning and knife-cutting. It should be noted that the only difference between the two methods was in the size of the scars; smaller for pinning than knife-cutting. In some cases, the actual radial growth was smaller late in the season than early on in the one year study period. This is because of differences in radial growth in the respective sites for pinning and knife-cutting. Dendrometer measurement is the preferred method in that it gives mean diameter growth without the site differences that often accompany pinning and knife-cutting.
Relationship between radial growth of rubberwood and local climatic changes
There was no good correlation between radial growth and local climatic changes recorded at the study site (U.P.M. site). However, it seems that the large amount of rainfall during May, influences xylem growth for the rest of the year: the rubberwood trees established a high growth rate after the severe rainfall in May.
High rainfall strongly influences tree growth (Jacoby 1989) . Jacoby (1989) was able to determine the response of tree species in southeastern Oklahoma, U.S.A. to climate by determining the absolute years of growth for a number of trees at a number of sites. June rainfall was especially crucial to diameter growth, and outweighed the importance of all other months. If rainfall was sufficient during this month, the trees would usually grow well for the rest of the season and wood production would not be adversely affected. Therefore, high rainfall was correlated to increased growth. In Ficus religiosa, moderate rainfall breaks the dormancy of the cambium, while increased humidity promotes cell divisions (Siddiqi 1991) .
In the case of temperature, no clear correlation was found with the radial growth of rubberwood. This may be due to little or no significant temperature variation: in tropical regions, temperatures are relatively uniform throughout the year (Jacob 1989). The daily temperature fluctuations often exceed the annual fluctuations. There is no annual cold season to induce dormancy in the trees. Therefore, without a dormant season the tendency for a periodical cycle in cell structure is greatly reduced. Siddiqi (1991) mentioned that of all the climatic factors, temperature plays the greatest role in regulating the cambial activity and phenological events in most plants in temperate regions, while in desert conditions, the amount of water in the soil is the factor most affecting growth (Fahn and Werker 1990) .
Conclusions
This study has provided insights into diameter growth and periodicity of xylem growth of rubberwood (Hevea brasiliensis). The conclusions derived from the study are:
Holzforschung / Vol. 52 I 1998 / No. 6 1) Dendrometer measurements coupled with either pinning or knife-cutting are suitable for establishing the correlation between growth rings and periodicity of xylem growth. 2) In rubberwood, a fairly distinct growth ring is formed by the wintering effect at the beginning of each year.
3) The marking of xylem growth by pinning and knifecutting is an effective means of analyzing the correlation between growth rings and the periodicity of xylem growth in this experiment. 4) It is difficult to relate climatic (temperature and rainfall) data recorded at the study sites with the periodicity of xylem growth. 5) The use of a dendrometer is superior to that of pinning and knife-cutting methods in that it gives mean diameter growth without site differences.
